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Threats to Paradise? Plant Invasions
in Protected Areas of the Western Indian
Ocean Islands
Stéphane Baret, Cláudia Baider, Christoph Kueffer, Llewellyn C. Foxcroft,
and Erwann Lagabrielle
Abstract The islands of the Western Indian Ocean are well known for their unique
biodiversity. However, much of the native habitat has been destroyed and the
remainder is threatened by invasive alien species. In this review we assessed the
different protected area systems, synthesised the history of invasive alien plants and
actions against them, and compared contrasting approaches in habitat management
across the different island groups. Of the total terrestrial area of the Western Indian
Ocean Islands, a third is under formal protection (defined as all six IUCN categories
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e-mail: christoph.kueffer@env.ethz.ch
L.C. Foxcroft
Conservation Services, South African National Parks, Private Bag X 402,
Skukuza 1350, South Africa
Centre for Invasion Biology, Department of Botany and Zoology,
Stellenbosch University, Private Bag X1, Stellenbosch 7602, South Africa
e-mail: Llewellyn.foxcroft@sanparks.org
E. Lagabrielle
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of protected areas), with the proportion of protected areas and conservation status
differing substantially between the islands. The awareness of the problems related
to protected areas and specific invasive alien plant control actions, and which are
supported by official government strategic documents, are further developed in
Mauritius-Rodrigues, La Réunion, and Seychelles, but are still to be developed for
the Comoros archipelago. We discuss the different approaches to management
across the islands, the varying habitat types, fragmentation and degree of invasion.
Invaded habitats are being managed by a range of approaches, including restora-
tion, re-creation or inclusion as a novel ecosystem. We conclude by suggesting
improvements in the protected area system in the Western Indian Ocean Islands,
including priority actions that are necessary to prevent further invasion and control
of invasive alien species already in the region.
Keywords Biodiversity hotspot • Endangered species • Novel ecosystem • Oceanic
island • Tropical forest
19.1 Introduction
Together with Madagascar, the Western Indian Ocean Islands (WIOI) are regarded
as one of 34 global biodiversity hotspots (Myers et al. 2000; Mittermeier
et al. 2004) and are well known for their unique biodiversity and high endemic
species richness (Kier et al. 2009; Thébaud et al. 2009; Baider et al. 2010; Strijk
2010). Unfortunately, the islands are also known for their widespread loss of native
habitat (Vaughan and Wiehe 1937; Strasberg et al. 2005; Caujapé-Castells
et al. 2010), and the high extinction rates of both animal and plant species (Cheke
and Hume 2008). One of the most important threats to the biodiversity of the
region’s islands is the invasion and widespread habitat transformation by invasive
alien plants (IAPs) (Kueffer et al. 2004; Caujapé-Castells et al. 2010; Kueffer
et al. 2010a). Further habitat destruction has been halted on most islands, with,
unfortunately, the exception of the Comoros archipelago (Louette et al. 2004). In
order to halt further biodiversity loss in the region, it is critical to protect the
remaining areas of native habitat, control IAPs, and where possible, restore habitat.
To safeguard global biodiversity and thereby work towards fulfilling the obli-
gations of the Convention on Biological Diversity (CBD 1983), numerous countries
have set up different systems of protected areas (PAs), with various level of
protection and different types of management. However, on most oceanic islands
especially, the creation of protected areas alone is not sufficient to maintain the
diversity of uniquely evolved species, as even within protected areas active con-
servation management is required against the threats posed by IAS (Kueffer
et al. 2004; Baret et al. 2006; Macdonald 2010). Because of their uniqueness –
islands of different geological origin and ages, with rich biodiversity and with
different political systems, land use history and historical dynamics of species
invasion – the WIOI provide an excellent opportunity to (i) analyse the different
terrestrial protected areas systems in place, (ii) compare the history and status of
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invasive alien plant management and (iii) learn from the unique approaches and
effectiveness of habitat management and restoration across the islands. We discuss
six case studies: (i) La Réunion, (ii) Seychelles, (iii) Mauritius, (iv) Rodrigues,
(v) Mayotte and (vi) Comoros.
19.2 The Western Indian Ocean Islands
The Western Indian Ocean Islands include six islands or groups of islands
(Fig. 19.1, Table 19.1). The Comoros archipelago is comprised of Grande Comore
(1,148 km2), Anjouan (424 km2) and Mohéli (290 km2), forming the Union of the
Comoros. The fourth island of the Comoros archipelago is Mayotte, which is
French territory. Because of their difference in sovereignty, which affects the PA
system and their management, the Comoros (1,862 km2) and Mayotte (363 km2) are
discussed further as separate island groups.
The Mascarenes are formed by the islands of La Réunion (2,512 km2), Mauritius
(1,865 km2) and Rodrigues (109 km2). Similar to the Comoros archipelago, La
Réunion is also French territory, while Mauritius and Rodrigues are part of the same
independent country. However, Mauritius and Rodrigues are also discussed sepa-
rately because of their different colonisation histories, which resulted in varied
approaches to PAs and management of invasive alien plants.
The Republic of Seychelles (455 km2) encompasses two types of islands with
different geological origin, comprising about 70 coralline and 40 granitic islands
(continental fragments that formed part of the Gondwana supercontinent and
became fully isolated about 65 million years ago). Where not specified otherwise,
we restrict our discussions to the inner (granitic and main populated) islands.
19.3 Protected Area and Conservation Status of the
Western Indian Ocean Islands
Islands are the ecosystems that have been most severely affected by invasions of
alien species globally (Reaser et al. 2007). In order to provide context within which
to discuss the invasion of alien species and current management approaches, a
description of the status of PAs and conservation in theWIOI is necessary. As many
different PA systems are used across the islands, we used the IUCN categories (see
Dudley 2008 for the full definitions) in our discussion. We only included formally
declared terrestrial PAs, including the terrestrial sections of marine protected areas,
in the analysis.
When classified according to the six IUCN categories, a large proportion
(32.9 %, Table 19.2) of the total terrestrial surface area of the WIOI is currently
under protection (Table 19.3). About 20.3 % of the total land mass has been given
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high protection status (falling within the upper four IUCN PA categories). These
areas are either currently undergoing invasive alien plant management, or are in the
planning phases (Table 19.2). However, the size of the PAs across the islands varies
considerably. The largest formally protected areas are on La Réunion (1,039.6 km2
Fig. 19.1 Distribution of the Western Indian Ocean Islands. (a) the WIOI in relation to Africa,
(b) the main islands of the Comoros archipelago, (c) Seychelles, (d) Mauritius and (e) Réunion
Table 19.1 Salient features of the Western Indian Ocean Islands
Native remnant vegetation cover
Land Area (km2) Inhabitants Summit (m) Land area (km2) Land area (%)
Comorosa 1,862 584,400 2361 335,2/372,4 18,0/20,0
Réunion 2,512 820,000 3070 999,8/1313,8 39,8/52,3
Mauritius 1,865 1,288,684 828 29,8/93,3 1,6/5
Mayotte 363 252,425 660 18,2 5,0
Rodrigues 109 38,039 398 0,6/1,1 0,5/1
Seychellesb 455240 82,24782,000 906 4,6/45,5 1,0/10
TOTAL 7,167 3,065,795 – 1388,0/1844,2 19,4/25,7
Native vegetation cover (forest with at least 50 % canopy cover of natives: intact and lightly or
moderately invaded, in index including: highly invaded or novel ecosystems, when it is known)
aData for the Comoros was estimated because different sources have confirmed that native habitat
continues to be exploited
bIncluding outer coralline and granitic inner islands. In the columns ‘land area’ and ‘inhabitants’
index gives separate data for granitic inner islands
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or 41.4 % of the island), and in the Seychelles (>59 % or 271.5 km2, for both
coralline and granitic islands). In La Réunion, most of the intact habitats and
threatened plant species are found within PAs (about 41 % of the land area of the
island). Only the Seychelles include PAs with the highest level of protection (IUCN
category Ia; 209 km2, 45.9 %). There are three national parks in the inner (granitic
and main inhabited) Seychelles island group. If the Aldabra atoll UNESCO World
Heritage Site is added to the above PA system, about 75 % of the land area of
the Republic of Seychelles is formally protected. Significantly lower, PAs in
Mauritius and Mayotte total only 87.9 km2 (4.7 %) and 41.8 km2 (11.5 %) respec-
tively. Comoros (16.4 km2, 0.9 %) and Rodrigues (0.7 km2, 0.6 %) have the least
area protected.
19.4 Invasion History and Management of Invasive
Alien Plants
19.4.1 La Réunion
La Réunion was colonised by the French in 1642 and has remained under French
administration. Awareness of the impact of the invasive species dates back to the
end of the nineteenth century, with the botanist Cordemoy already concerned about
the proliferation of Rubus alceifolius (giant bramble; Cordemoy 1895). Driven by
scientists at the beginning of the 1980s (Cadet 1977; Lavergne 1978), and later by
decision-makers and administrators, a strong political desire to control invasive
alien plants began to emerge. Due to this commitment, and with the support of
many stakeholders, for example scientists, consultants, the Regional and General
Councils, the Forest Department (Office National des Forêts, ONF and Conserva-
toire d’Espaces Naturels, CEN-GCEIP) and the local ministry of environment
(DIREN, now DEAL), both invasive alien species control and awareness cam-
paigns were launched. The first comprehensive assessment of the extent of the
invasive alien plant problem in La Réunion was conducted in 1989, forming the
Table 19.2 Sum of land
areas (km2 and %) according
to IUCN categories I to IV
(heavily protected or with
IAP control on-going); and




I + II + III + IV I to VI
(km2) % (km2) %
Comoros 16,4 0,9 16,4 0,9
Réunion 1039,6 41,4 1937,2 77,1
Mauritius 87,9 4,7 87,9 4,7
Mayotte 41,8 11,5 41,8 11,5
Rodrigues 0,7 0,6 0,7 0,6
Seychellesa 271,5 59,7 272,5 59,9
WIOI total 1457,9 20,3 2356,5 32,9
aIncluding coralline and granitic islands
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basis for the first official management strategy (Macdonald 1989; Macdonald
et al. 1991).
Invasive alien plant control programmes were, and continue to be, supported by
collaborative research programmes undertaken by the University of La Réunion,
the Agronomical Research Centre (CIRAD) and the National Botanical Garden
(Conservatoire Botanique National de Mascarin, CBNM). These programmes con-
tributed through providing information on the scale of invasion, species involved
and their specific attributes (e.g. colonisation rates and reproductive strategies,
and other biological and ecological attributes), and their impact on ecosystems or
native species. In-depth scientific studies were conducted on various invasive
alien species, including R. alceifolius (Amsellem 2000; Amsellem et al. 2000,
2001, 2002; Baret 2002; Baret et al. 2003, 2004, 2007, 2008; Baret and Strasberg
2005; Le Bourgeois et al 2013), Ligustrum robustum subsp. walkeri (Sri Lankan
privet; Lavergne et al. 1999; Radjassegarane 1999; Lavergne 2000), Hedychium
flavescens (yellow ginger; Radjassegarane 1999) and Acacia mearnsii (black wat-
tle; Tassin 2002; Tassin and Balent 2004; Tassin et al. 2009).
At the same time, by ONF demonstrating the benefits and use of mechanical
and/or chemical control sites, invasive species removal was initiated and became a
major component of forest management. However, the lack of IAP control in all the
PA (areas too wide according to the limited number of employees and the too
slooping areas) but also on the surrounding private areas reduces the efficiency of
the management interventions.
Various local strategies, which partially integrate the management of IAP in La
Réunion have been produced such as ORF: (Orientations Régionales Forestières
2002) and ORGFH (Orientations Régionales de Gestion de la Faune Sauvage et de
ses Habitats; Salamolard 2002). Ecological restoration guidelines (Triolo 2005) and
the La Réunion Biodiversity Strategy (DIREN and ONCFS 2005) have also been
developed. A review and assessment of the management practices used by the ONF
(Hivert 2003), and the information on invasive plant management (Kueffer and
Lavergne 2004), were compiled nearly a decade ago, resulting in many ground-
level and in-depth syntheses. As from 2003, procedures for early detection and
rapid response to plant invasions were initiated by the ONF. In 2006, the local
environmental ministry created a technical group on biological invasions. The
French branch of the IUCN published an assessment on the current status of
invasive plant species, with recommendations for their management for La Réunion
and all other French overseas territories (Soubeyran 2008). A detailed management
plan for their control was created by a ‘watch unit’ (Salamolard et al. 2008).
The advancements of invasive plant control in La Réunion is partially a result of
increased global awareness of the problems caused by IAS, leading to increasing
on-the-ground efforts to control the spread of alien plant species within the French
State and its territories. The Grenelle law, adopted in 2009, declares the State
responsible for implementing management plans against both terrestrial and marine
IAS, in order to limit their establishment and spread and to reducing their negative
impacts. Thus, the local environmental ministry was instructed to produce an
invasive plants strategy for La Réunion, which was finalised in 2010 (Baret
et al. 2010).
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On La Réunion, most PAs are threatened by alien plant species (Baret
et al. 2006; Macdonald 2010). Therefore, control of invasive plants is essential,
and in some cases, habitat restoration is also necessary. These activities are mainly
implemented by the Forest Department. Even, in highly degraded ecosystems, some
native threatened plant species continue to persist, however in extreme cases, only a
few individual of endemic plants are known (which is also true for other WIOI).
Although at first these areas would be considered of low conservation value, their
restoration can serve as corridors between fragmented native habitats, and they are
essential for conservation of some species on the brink of extinction. For example,
in order to connect lowland to upland, a project called LIFE+ COREXERUN was
initiated to conserve semi-xerophilous forest by restoring 30 ha. Unfortunately,
these areas are often very steep and human access for management impossible, and
thus the preservation of linear corridors is difficult. Restoration of unused areas
(frequently abandoned land and now invaded), could connect natural areas through
the arrangement of patches in the shape of Japanese stepping stones. These areas
could be set up mainly outside PAs in order to limit further alien plant plantations,
but also to facilitate connectivity between natural habitat fragments. As about 30 %
of the land area of La Réunion is still relatively intact (Strasberg et al. 2005), control
of invasive plants is considered the most important conservation management
action. In some small areas, eradication of invasive plants is complemented with
active habitat restoration. In other small areas (outside PAs), maintaining planta-
tions of indigenous plants is also important. These have the dual objectives of
preserving both the natural and cultural heritage of the region. Indeed, the people of
Réunion have utilised the local flora for a range of needs (for example as medicinal
plants, for bee-keeping and wood harvesting). The sustainable use of plants under
controlled conditions will also limit the unsustainable, unmanaged harvest of plants
in PAs. This is already in place in La Réunion and the National Parks continue
working towards this aim.
19.4.2 The Seychelles
The Seychelles islands were not permanently settled until 1770, initially as a French
colony, but it was officially turned over to Britain in 1815. Since 1976 the
Seychelles have been an independent country. In the following, we summarise
the major historic phases of alien species introductions and management responses
based on Kueffer and Vos (2004), Beaver and Mougal (2009), and Kueffer
et al. (2013).
The early settlement phase was characterised by agriculture and forestry based
on a wide range of commodities, and almost complete deforestation of the islands.
As early as the 1820s, most of Mahé was cleared of its original forest, and by the
1870s the only native vegetation that remained was in small patches in inaccessible
mountain areas. Alien species formed the basis of subsistence and the economy.
Major invasive species introduced in this period include the spice and fruit trees
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Cinnamomum verum (cinnamon), Psidium cattleianum (strawberry guava) and
Syzygium jambos (rose apple), cats (Felis catus), black rat (Rattus rattus), the
common myna bird (Acridotheres tristis), and the giant African land snail
(Lissachatina fulica). Cinnamomum verum became the most widespread alien
plant species after colonising large parts of the deforested areas, and the black rat
became a major threat to the native fauna. Individual naturalists noted the problem
of widespread IAS in the nineteenth century already (cf. Gerlach 1993).
During the early British colonial era, in the first half of the twentieth century, the
presence of British consultants for agriculture and forestry shaped environmental
management. The colonial government promoted the re-afforestation of degraded
land with alien tree species, some of which later became invasive; especially
Falcataria moluccana (Moluccan albizia), and to some degree Chrysobalanus
icaco (cocoplum). With the opening of the international airport in 1971 and the
subsequent development of the tourism industry, which was strongly promoted by
the Seychelles government after independence in 1976, nature conservation,
already a concern among experts since the 1960s, rapidly increased in importance.
The government prepared the first National Environmental Management Plan in the
1980s, and by 1997, the country had produced its first National Biodiversity
Strategy and Action Plan, in response to the Convention on Biological Diversity
(Dogley 2010). The 1990s were also the time when invasive alien plant species
were recognised as a major conservation concern in Seychelles (Stoddart 1984;
Gerlach 1993; Carlstroem 1996; Fleischmann 1997). However, although awareness
of the problem increased, the increase in travel and transportation also led to many
new introductions of alien species. These include Clidemia hirta (Koster’s curse),
the ring-necked parakeet (Psittacula krameri), crested tree lizard (Calotes
versicolor), the spiralling whitefly (Aleurodicus dispersus), and a vascular wilt
pathogen (Verticillium calophylli), which affects the native coastal tree
Calophyllum inophyllum (takamaka).
Until very recently the planting of alien Acacia species including A. mangium
(black or hickory wattle), for erosion control after forest fires was still promoted.
Since the mid-1990s, the Ministry of Environment, together with the Swiss Federal
Institute of Technology (ETH) have collaborated through a long-term project to
investigate the biology and management options of plant invasions in Seychelles
(Kueffer 2006). The project documented baseline information (Kueffer and Vos
2004), distribution of invasive plants (Fleischmann 1997), functional ecology of
invasive trees (Kueffer et al. 2007, 2009; Schumacher et al. 2008, 2009), and
impacts on ecosystem processes of these trees (Kueffer et al. 2008; Kueffer
2010). This information was used to propose a habitat restoration strategy for
widespread C. verum dominated forests (Kueffer et al. 2010a, b). So far only
small scale pilot projects have been implemented, but two larger scale projects
aimed at IAP and habitat restoration have been funded for Inselberg (rocky outcrop)
vegetation on Mahé and the World Heritage Site Vallée de Mai and its surroundings
on Praslin (C. Kaiser-Bunbury, personal communication, 2012).
While awareness of the invasive species problem is high within the Seychelles
Government and the local population, capacity is lacking for implementing an
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effective biosecurity system and large-scale invasive plant control and habitat
restoration projects. There are however three main aspects that support, and provide
opportunities for invasive plant management: (i) only relatively few alien plant
species became widespread invaders, possibly because one alien plant, C. verum,
dominates most habitats and hinders invasion of other alien plants, or due to the
relatively recent increase in travel and transport in the 1970s, (ii) large alien animals
such as pigs (Sus scrofa), goats (Capra hircus), or deer (Cervus sp.) did not
establish in the wild on these small islands with a rugged topography, and (iii) on
small offshore islands eradication of invasive species, and habitat restoration is
feasible.
The most successful IAS control programmes in the Seychelles to date come
from work on small offshore islands of some 20–200 ha. These areas are managed
primarily for, or with high priority given to, nature conservation purposes (e.g.
Aride, Conception, Cousin, Cousine, Frégate, North). While some of these islands
are strict nature reserves, others support a luxury hotel, surrounded by land which is
managed as a natural area. Once the alien vegetation is replaced by restored native
vegetation, invasive plants are generally a relatively minor problem on these
islands, in contrast to invasive animals (especially rigorous prevention of the
reinvasion by alien mammals such as rats). Some species, including Cocos nucifera
(coconut) saplings, Carica papaya (papaya), and some creepers require manage-
ment (Kueffer and Vos 2004). On the populated main islands different pilot trials
of chemical or mechanical control of different alien plant and animal species
have been initiated, but no large-scale control or habitat rehabilitation effort
has been implemented yet. The implementation of an effective biosecurity system
on a national scale is currently being investigated through a project entitled
‘Mainstreaming prevention and control measures for invasive alien species into
trade, transport and travel across the production landscape’ and funded by GEF
through UNDP.
Strategies for invasive plant management are currently being developed for PAs
(Kueffer et al. 2013), including widespread species such as C. verum. On the main
island of Mahé, in the Morne Seychellois National Park, a novel forest ecosystem
dominated by alien C. verum has formed at mid elevations from ~400 to 600 m
a.s.l. Although these mid-elevation forests are dominated by alien trees, many
threatened native plant and animal species still occur in this habitat. Typically,
70–90 % of adult trees are C. verum, and consequently the eradication across large
areas is not a feasible management option. As an alternative, habitat management
strategies that allow for maintaining native biodiversity in C. verum-dominated
forests are being developed (Kueffer 2003; Kueffer et al. 2010a, b, 2013). It is
hoped that some characteristics of the novel forest ecosystem can be used as
opportunities for biodiversity conservation, while negative impacts are being mit-
igated. One novel factor of these forests that strongly shapes plant regeneration is
root competition by adult C. verum trees, which produce a dense root mat just below
the soil surface (Kueffer et al. 2007). While this can negatively affect native species
regeneration, it also appears that such strong belowground competition functions as
an effective barrier against the invasion by other alien plants such as P. cattleianum.
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Invasion by P. cattleianum is likely to be more problematic because they form very
dense aboveground thickets, thereby strongly suppressing native plants. Fruit
characteristics of C. verum are also novel (Kueffer et al. 2009). Cinnamomum
verum produces fruits that are high in protein and total energy content than those
of native species (Kueffer et al. 2009), and in combination with alien fruit trees
from nearby gardens and plantations, has probably contributed to the current high
population densities of endemic frugivorous birds and fruit-bats. This novelty may
mean that C. verum contributes to a high habitat quality for native frugivorous
animals, but also that C. verum competes with native plant species for seed
dispersal services and thereby negatively impacts native plant regeneration.
One current idea is that given these potential positive functions of C. verum it
might be possible to establish small patches of completely native vegetation stands
of a few meters in diameter in a matrix of C. verum forest (Kueffer et al. 2010a, b).
These stands can be established by either weeding remnant stands of mostly native
trees or by forming artificial gaps through the felling of a few C. verum trees and
replanting them with native plants. If such a management strategy, which aims to
establish and maintain small native-dominated vegetation patches in a matrix
dominated by C. verum, is successful, then this may help to overcome some of
the problems associated with a C. verum dominated landscape. These native
vegetation patches could for instance function as sources of native seed, which
may promote a scattered establishment of native species in the C. verum matrix
forest.
19.4.3 Mauritius
The island was intermittently colonised by small Dutch groups from 1638 to exploit
its natural wealth capital, especially black ebony (Diospyros tesselaria). At the
same time alien species of animal and plants were introduced, although a permanent
settlement did not start until 1722, when France took possession of the island.
Mauritius has a very well documented history, including precise dates of introduc-
tion of many species that would later become invasive; many of which are also
invasive across the other WIOI. For example, many of the worst invasive plant
species in Mauritius (e.g. P. cattleianum and Hiptage benghalensis, liane cerf),
were introduced through the Pamplemousses Botanical Garden, the first botanical
garden in the southern hemisphere (Cheke and Hume 2008). Within 370 years of
human presence on Mauritius, only 5 % of the original habitat has survived as
fragments in areas unsuitable for agriculture. Extinction rates of endemic species
varies from a ‘low’ of 10.9 % among angiosperms, to 44.4 and 58.8 % among land
snails and land birds respectively, while proportions of threatened endemics ranged
from 80 to 100 % (Griffiths and Florens 2006; Cheke and Hume 2008; Baider
et al. 2010). In 1766, probably some of the world’s earliest legislation for IAP
control was promulgated, followed in 1767 by legislation on re-afforestation
using native species, as well as creation of forest, mountain and river reserves.
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Similar laws, regulations and ordinances were issued during the next 200 years,
however due to the lack of enforcement Mauritius was to become one of the most
ecologically devastated areas globally. This resulted in Mauritius having amongst
the highest extinction rates and endangered species per area; earning it the very
symbol of human-induced species extinction, the dodo (Raphus cucullatus).
When Mauritius became a British colony in 1810, the rate of deforestation for
sugar cane plantations rose to unprecedented levels (Vaughan and Wiehe 1937).
The negative effect of this rapid deforestation coupled with the rapid spread of
invasive plants was an issue of substantial concern (Bouton 1838). The post-
introduction spread of invasive plants was documented as very rapid, taking as
little as 30 years for Rubus alceifolius to be considered a serious problem (Brouard
1963). Most of the country was under alien forest and scrub by 1870s (Thompson
1880). As from the 1900s plantations of Eucalyptus spp., Pinus spp., Cryptomeria
japonica (Japanese cedar), Casuarina equisetifolia (coast sheoak), and Ligustrum
robustum var. walkeri were established (Brouard 1963), with the latter species
becoming an important invader. In the 1950s, Camellia sinensis (tea) was intro-
duced as a cash crop (Brouard 1963), with some large areas of remaining native
forest destroyed. It was to persist for only a few decades as an important economic
activity, thereafter spreading into the native wet forests. At this time, a series of
small nature reserves representing different vegetation types, were created (Brouard
1963). The control of invasive plants in native forest remnants was pioneered in the
1930s (Vaughan and Wiehe 1937), when a small patch of wet forest was manually
weeded and fenced against large alien mammals such as Java deer (Cervus
timorensis) and feral pigs (Sus scrofa). These areas later became known as Con-
servation Management Areas in Mauritius. A few successful biological control
agents were introduced for controlling Cordia curassavica (black sage), Opuntia
vulgaris (prickly pear) and to a lesser extent also Lantana camara (lantana; Fowler
et al. 2000).
On the mainland, mostly in 1990s, new Conservation Management Areas were
created after the proclamation of the Black River Gorges National Park. In the
mid-2000s, use of chemical control and ring barking was shown to be less damag-
ing to native saplings and seedlings (Seepaul 2006) and much cheaper than manual
control (Larose 2005). It was quickly adopted by private land owners, and more
recently by Government agencies as well. Aldabra tortoises (Aldabrachelys
gigantea) are in the process of being released in Round Island to control invasive
alien plants, but also as an analogue to the endemic, now extinct Cylyndrapsis
species, and it is expect that they should help disseminating seeds of native species
(Griffiths et al. 2010).
Recognising the deleterious effect of invasive plants, especially in health and
agriculture and native biodiversity for the Republic of Mauritius (including Rodri-
gues), national multi-sectored strategy and action plan against IAP was approved in
early 2010. This document is considered as first step to promote a long-term
integrated approach to IAP, but little of its implementation has formally started.
Management of invasive alien plants is an important component of the GEF funded
project to increase the PA network on Mauritius, that also should includes creation
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of incentives for private landowner to manage, restore and protect native forest
remnants.
Invasion of the native mainland habitats by alien plants is such that the vegeta-
tion canopy consists of more alien than native plants over about two-thirds
(or 60 km2) of the surviving remnants (Page and D’Argent 1997; Safford 1997).
For example, a study at five of the best preserved wet native forest areas showed all
to be extremely invaded in the understory, with alien plants making up 78.6 % of all
woody stems of 1 cm diameter at breast height (Florens et al. 2012). All five sites
are dominated, in terms of their relative importance, by at least one or more IAP,
which in most cases is P. cattleianum (Florens et al. 2008). Thus due to the need to
save species and with little to lose if nothing was to be done, Mauritius has become
a laboratory to test various restoration approaches, like alien mammal eradication,
invasive plants’ control, reintroduction of locally extinct species (Thébaud
et al. 2009), species translocation (Christinacce et al. 2008) or introduction of
analogous species to restore ecosystem function (Griffiths et al. 2010). In contrast
to some C. verum forest in the Seychelles, control of alien plants is feasible and
research shows that it has led to an improved survival rate of native plant species
(Florens 2008). These native species also grow faster and have a higher reproduc-
tive output, increasing the regeneration of previously invaded areas (Baider and
Florens 2006, 2011; Florens 2008; Monty et al. 2013). Invasive alien plant man-
agement has also been shown to be beneficial to other groups, with the diversity and
abundance of native butterflies much higher in these areas than in invaded forests
(Florens et al. 2010). In some cases, endemic plants (Baider and Florens 2011) and
animals (Florens and Baider 2007) that were considered extinct have ‘reappeared’
in forests cleared of invasive plants. It has unfortunately also been shown that some
native groups, for example molluscs, do experience negative side effects of IAP
control (Florens et al. 1998). Additionally, some interactions, like increased her-
bivory on endangered plant species have resulted in lower fruit set (Kaiser
et al. 2008). Some of the negative effects are transient, or could be reduced or
eliminated with gradual removing instead. The long-term survival of Mauritian
species and ecosystems calls for control of alien plants over large areas. It has been
recognised that the area of native habitats requiring control needs to increase
tenfold, or to an area of 1,000 ha (MNBSAP 2006); the areas currently being
managed still total less than 100 ha. The success of Mauritius in saving species
and restoring ecosystem has in most cases been supported by sound research.
Research has played an important role in native forest restoration and in saving
species on the brink of extinction, by pioneering the development of improved and
cheaper techniques. Many of these concepts and techniques have been used in the
other WIOI. In contrast to La Réunion, there is usually good communication
between researchers and managers, although sometimes incorrect but ingrained
ecological concepts persist (Florens and Baider 2013). However, the Mauritian
Government is currently imposing stringent new conditions for conducting ecolog-
ical and conservation research in the National Parks (Florens 2012). In the long-
term this will risk the leading role that Mauritius is playing in the control of invasive
alien plants in the region. Moreover, it will also impact on the training of new a
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generation of local scientists to take over the daunting task of saving the unique
species, ecosystems and their functions, at a time where there is still hope to do so.
19.4.4 Rodrigues
Rodrigues, a previously completely forested island (Leguat 1708), was not
colonised until the nineteenth century. The first small group of men stayed in
Rodrigues from 1671 to 1673 (Leguat 1708), followed by very occasional visitors
up to 1735, when an outpost to control the collection of tortoises was created and
maintained until 1771. During this period goats and cats were introduced, and fire
was recorded to have destroyed part of the island in 1761, reoccurring in the
ensuing years. Although there were few people, overexploitation of native tortoises
and spread of invasive animals (e.g. rats, cats) led many Rodriguan endemic animal
species to extinction in a very short time. A small permanent settlement was
established in 1792 and by 1809, when the British took possession of the island,
Rodrigues was already covered in shrubby vegetation, citrus trees, crop planta-
tions, with few patches of native Latania (latans) and Pandanus (screw-pines)
remaining. By 1845, invasive alien grasses turned coastal areas into fire prone
grasslands, abandoned croplands were covered by spiny weeds, large areas of land
were left bare, and little native forest remained. Balfour (1879), who described the
flora of the island, reported that goats and cattle (Bos primigenius) had eaten
everything within their reach, fire regularly burned the island, and invasive plants
could be found in large numbers, preventing any regeneration of native species;
many of which were already rare. For example, Balfour (1879) mentioned that
Leucaena leucocephala (white popinac), introduced in about 1850, covered large
areas of Rodrigues, forming dense and impenetrable stands with no other species
growing in-between. Regulations to prevent cutting of trees were issued, with the
result that some areas later turned into secondary alien forest, mainly by the
expansion of Syzygium jambos, and to a lesser extent Psidium cattleianum, Litsea
glutinosa (Indian laurel) and Ravenala madagascariensis (traveller’s palm; Strahm
1989; Cheke and Hume 2008). Although some native vegetation was also recorded
to have expanded by 1914, some areas remained as bare land because of the heavy
use by cattle, goats and pigs (Cheke and Hulme 2008). Plantations of alien plants
for food, for example S. jambos and Artocarpus heterophyllous (bread fruit), and
for forestry, started in 1915 (Brouard 1963). Other species, like Lantana camara,
were introduced before 1938, to become one of the worst invaders in the coastal
areas. The few pockets of native trees that had survived were substantially reduced
during the 1950–1960s and eventually nature reserves were declared in 1980s.
However, at the same time Acacia nilotica (prickly acacia), which was later to
become invasive, was introduced for soil protection.
Due the almost complete transformation of the island by invasive plants and fire,
Rodrigues has virtually no original habitat remaining, with only some small patches
in the outer islets, on mountain slopes or in one very dry limestone area. As a result
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the extinction rates of endemic species are very high; from 21 % for plants (around
77 % of the endemic species are considered threatened), to 100 % for reptiles
(Cheke and Hume 2008; Baider et al. 2010). The main reference on the forest
structure and association of species that can be used for restoration are from brief
descriptions in 1879 (Balfour 1879), although by this time most of the primary
forests had disappeared. With improved information available, Strahm (1989) also
briefly described the main habitats and associated species. Therefore, restoration in
Rodrigues mainly consists of IAP removal followed by planting native species.
Since 1986, restoration has being carried out in two of the mainland nature reserves,
Grande Montagne (13 ha) and Anse Quitor (8 ha) (Payandee 2003). There is a
strong community participation component in the restoration programmes in Rodri-
gues, but little scientific guidance, monitoring and dissemination of techniques and
results that could be used as a model in other islands. An area in Anse Quitor, at the
François Leguat Giant Tortoise Reserve, is being replanted with native plants and
giant Aldabra tortoises (Aldabrachelys gigantea) and a smaller Madagascan species
(Astrochelys radiata, radiated tortoise) were introduced to restore ecological func-
tion of the extinct giant tortoises, with “encouraging results” (Burney 2011).
Although most of the native plant species in Rodrigues were known to be endan-
gered (Strahm 1989), after nearly two decades of restoration efforts, the populations
of many of these most threatened species have not recovered, and still remain on the
brink of extinction (A. Waterstone, personal communication, 2010; Strahm,
Baider & Florens, unpl. data). However, the restoration programmes have allowed
for the populations of some groups of insects (Orthopthera) to recover in these areas
(Hugel 2012). This result shows the importance of the restoration work, as also
shown in Mauritius, where some species surviving as tiny populations (e.g. with
two adults of Ixora vaughanii, Baider and Florens 2011), are able to recover after
removal of invasive plants.
19.4.5 Mayotte
Only about 5 % of the native vegetation remains in Mayotte (DAAF 2012) with
intensive deforestation starting around the mid-nineteenth century for the produc-
tion of sugar, vanilla and ylang-ylang. When most of these fields were abandoned,
secondary native forest started reclaiming those areas, a process rarely or not seen,
on any other of the Mascarene Islands or the Seychelles. Around 48 % (or 625
species) of all plant species on the island are alien, and some of them are invasive,
for example: Litsea glutinosa, L. camara, R. alceifolius and Antigonon leptopus
(coral vine), Spathodea campanulata (African tulip tree), C. verum and Mangifera
indica (mango). Leucaena leucocephala and Albizia lebbeck (lebbeck) are invasive
in the lowlands (Vos 2004; DAAF 2012). Also, some silvicultural species, such as
Acacia mangium, used for re-afforestation and rehabilitation of eroded steep slopes,
are becoming invasive (Vos 2004; DAAF 2012). The problem of alien plant
invasions has only recently become an important issue on Mayotte, with some
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invasive plant control programmes now emerging. A programme for the control of
L. camara in natural forests that cost 240,000 Euros was initiated in the late 1990s,
however, with questionable results (DAAF 2012). A more recent survey of invasive
plants has been done in the Majimbini reserve, resulting in the development of a
management proposal (Cathala 2011). An awareness campaign only started in 2010
through a workshop organised by the National Botanical Garden (CBNM), which
has an office on Mayotte. This workshop was aimed at stakeholders managing
natural areas such as the ONF and local NGOs. The recent outbreak of Salvinia
molesta (giant salvinia or kariba weed), in one of the very few reservoirs for potable
water in the island, illustrated the sanitary and economic problems associated with
invasive plants. The need for an official list of invasive plants has been recognised
by the local authorities to allow for strict entry control measures on the island, as
well as to implement management plans in the field (DAAF 2012).
Except for localised invasive alien plant control, no important management
actions against invasive plants are on-going. After a few attempts over the last
few decades, a new project to control the alien liana Merremia peltata (merremia),
which invades forested areas, has started (DAAF 2012; Lesur 2012). Management
actions that have been suggested for Mayotte include the restoration of the some of
the most well preserved habitats, but also restoration of some highly disturbed
habitats in an attempt to link forest fragments (such as corridors along rivers or
specific managed areas), improving plants dissemination and animal movement
(DAAF 2012).
19.4.6 Comoros
The Grande Comore, the largest of the three islands of the Comoros, rises to
2,361 m a.s.l., and includes the largest area of native vegetation in the region,
mostly on the slopes of the active volcano Mount Karthala. Anjouan, the second
largest of the Comorian islands, has almost no native vegetation left. In just 10 years
(1973–1983), forested areas decreased by 36 % on Grand Comore, 53 % on Mohéli
and 73 % on Anjouan (Louette et al. 2004). The rate of deforestation seems to have
decreased, but is still on-going. The Comoros was considered the country with
highest annual net loss of forest in the world for the period 2000–2010 (Chakravarty
et al. 2012). Other than the native baobab (Adansonia digitata), the large vegetated
patches on these islands are plantations of Cocos nucifera, Cananga odorata
(ylang-ylang). Invasive alien plant species on Comoros differ across altitude and
precipitation gradients: for example on the Grande Comore, Pteridium aquilinum
(bracken fern) is found in lowland areas, while P. cattleianum is found at the
mid-elevation of the scarps of Mount Karthala. The latter was not present onMohéli
in 2004, but L. camara and S. jambos were considered the most problematic species
(Louette et al. 2004). On the Comoros, the negative impacts of invasive alien plants
are not fully understood by the government or most stakeholders (Hamidou 2012).
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For example, an official list of invasive plants has not yet been produced, although
16 alien plant species are considered invasive. Since 1994, laws and regulations
relative to environmental protection have been created, including the prohibition of
the introduction of some alien plant and animals. To date, control of invasive plants
is sporadic (Hamidou 2012).
19.5 Lessons Learnt from Invasive Alien Plant
Management in the Western Indian Ocean Islands
Invasive species management has been a conservation concern for many years in
most of the WIOI, and some type of invasive plant management is now in place on
all island groups. However, the intensity and type of activities varies substantially
across the region. Managers and scientists in different island groups have to some
extent followed different paths, and combining experiences from the different
islands may provide improved opportunities for effective management. In La
Réunion much emphasis has been placed on developing a comprehensive strategy
for managing invasive species that links many different actors and stakeholders.
The strategy encompasses all stages of IAS management, from border control and
early detection, to control and habitat rehabilitation (Baret et al. 2010). Control of
invasive plants in La Réunion is limited by the high cost of labour and other
priorities that the field managers are required to deal with. Unfortunately IAS
pressure is increasing, and with new invaders establishing and limited management
capacity, maintenance of native habitats will become increasingly difficult. In La
Réunion for example, following a fire that covered 850 ha of native upland habitat
(Payet 2012),Ulex europaeus (gorse) was detected over half of the burned area, and
as the seeds germinate quickly following fire, control was urgently required. Due to
the lack of coordination, management was delayed and the plants were able to
establish over a large area. The control is now expected to be very costly. Fortu-
nately, public awareness is growing, with volunteers from NGOs and the military
collaborating on invasive plant control programmes. This further emphasises the
importance of a coordinated effort between volunteers and professionals, to ensure
long-term success. Coordinating control actions, generating sufficient resources for
invasive plant management and identifying priorities is therefore important and
urgently needed in most of the WIOI (Baret et al. 2006, 2010; Lagabrielle
et al. 2009, 2011; Macdonald 2010). Such a comprehensive approach to IAS and
PA is not yet integrated in most WIOI, although some activities and strategies in
this direction are under way (e.g. through a national biosecurity project in the
Seychelles and the IAS strategy and expansion of PA in Mauritius). An important
aspect of a multi-stakeholder strategy is to consider the local uses and values of
native plants (e.g. medicinal plants, bee-keeping, wood). For instance, sustainable
plantations of native tree species outside of PA can serve as a buffer against alien
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plant invasions and ecological corridors (or Japanese style stepping stones) for
native species (Baret et al. 2012).
Interestingly, some of the Western Indian Ocean Islands invasive plant manage-
ment approaches, and also PA system improvements, serve as models for other
islands within the region. On Seychelles and Mauritius, for instance restoration of
small offshore islands has been going on for decades with successful results. On
Mauritius, restoration of larger inland habitats can be used and replicated on other
WIOI like Seychelles and the Union of the Comoros, where labour is still relatively
affordable for undertaking restoration projects over larger areas. Of course, the
status of the native vegetation and its potential for recovery will influence the
management techniques of invasive plants in PAs. Recovery of native vegetation
is possible in areas where removal of alien species has been carried out, as the
experience of Conservation Management Areas in Mauritius has shown (Baider and
Florens 2011). In other areas like on Rodrigues, restoration of native vegetation
from completely degraded vegetation has been achieved within just a few years,
with the support from local communities an important factor in its success. Finally,
Seychelles is leading the conceptual thinking and research on how to manage some
types of alien-dominated novel forest ecosystems (Kueffer et al. 2013); and based
on the results of these, new ideas could also be adopted in the other islands.
Unfortunately in some cases, for example the Union of the Comoros, IAS manage-
ment and habitat restoration is less advanced than on the other islands (Hamidou
2012), mainly because of the low-income and low level of development of the
country, which directs priorities away from conservation.
Therefore, building on the existing experience in the region, it should be possible
to achieve rapid progress for the control of IAS and improvement of PA system for
the region as a whole. Strong collaboration across the Western Indian Ocean
Islands, supported by implementation on the ground, is essential to conserve its
rich and unique biodiversity. Invasive alien plant strategies should underline the
conservation needs in the short, medium and long-term. We suggest some priorities
for each island group (Table 19.4), based on the current status of invasive plant
control and PAs of the islands. Such priorities range from setting-up local strate-
gies, to increasing awareness of the local population. For each of the WIOI, except
the Seychelles, one of the most important priorities is to consolidate or increase the
PA system, in order to reach at least 17 % of their area. Additionally, all types of
native habitats, including novel ecosystems if necessary, need to be included. In a
few cases some of the priorities that are important in some islands have already
been achieved on others, for example in La Réunion where early detection of
invasive plants and rapid response management programmes are in place.
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19.6 Conclusion
As Margules and Pressey (2000) have argued, PAs have two main roles, (i) they
should sample or represent the biodiversity of each region and (ii) they should
separate this biodiversity from processes that threaten its persistence. On highly
disturbed and invaded oceanic islands in particular, it would be naı̈ve to believe that
the establishment of PAs is enough to safeguard threatened native biodiversity.
Management for biodiversity conservation is essential, and this involves in partic-
ular the control of IAS. As the restoration of degraded habitat is often more cost-
efficient than species-focused recovery programmes (e.g. Balmford et al. 2002),
conservation and sustainable utilisation of the rich and unique biodiversity of the
WIOI is not an impossible task, but requires rapid and concerted action. Although
there are a number of potential solutions to protect natural habitat and associated
Table 19.4 Priorities to improve the PA system, IAP detection and control, and habitat restoration
on the different WIOI
Priorities/WIOI COM MAY RUN MAU ROD SEY
Protected areas
Create new protected areas and revisit classification
system
2 2 1
Elevated IUCN categories of PA
Aim at obtain17 % of PA in all different types native
habitats with connectivity
2 1
Create PA in novel ecosystems when original habitat
do not exist anymore to achieve the 17 % of land
mass under the network
2
Methods
Improved and cheaper IAP management 2 3
Promote expert exchanges between the WIO islands 4 5 5 5
Perspectives
Set up a local strategy 1 1 3 3
Improve legislation and enforcement 5 3 2
Develop research to improve IAP control and habitat
restoration
4 4 4
To create local and regional programmes of early
detection, and rapid response, restoration
2 4 1
Demonstrate to decision-makers the need to set up
new PA and/or to elevate IUCN categories of
existing PA
4 5
Increase local population awareness about negative
effect of IAP and techniques of control
1 2
Implicate local population in IAP or/and in plantation
of indigenous species (in lieu of IAP)
1
Increase coordination of stakeholders and awareness
about necessary resources to prevent and
control IAP
3 5
Only five priorities are provided for each island/country
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biodiversity, in order to identify priorities decision-making tools are still necessary.
One element that can support effective conservation measures is networking and
knowledge sharing at local to global scales (e.g. Kueffer 2012). At a global scale,
the recently established Global Island Plant Conservation Network (GIPCN, www.
bgci.org/ourwork/islands) may become a useful institution for collaborative activ-
ities among island conservationists. At a regional scale, the creation of an invasive
alien species network in the Western Indian Ocean was identified as a priority at a
recent workshop organised by IUCN in Mayotte in January 2012 (http://www.
especes-envahissantes-outremer.fr/actualites.php). Such a network is currently
being developed with support from the Indian Ocean Commission (IOC – COI)
and the IUCN, with a discussion list already functional (Western Indian Ocean –
Invasive Alien Species, WIO-IAS, https://list.auckland.ac.nz/sympa/info/wio-ias).
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Cathala C (2011) Un plan de gestion pour l’espèces exotiques envahissantes végétales dans la
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introduites envahissantes. PhD thesis, Université de La Réunion, Réunion
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l’Office National des Forêts à La Réunion. ONF, La Réunion
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Lavergne C (2000) Étude de la stratégie d’invasion du Troène de Ceylan, Ligustrum robustum
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dissertation. AgroParisTech-Engref, Montpellier – Parc national de La Réunion
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ARDA –ARVAM –CBNM –ONF –SÉOR –DIREN, La Réunion
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